is in turn correlated with tness. Fitness here refers to the individual 's own survival as well as the relative number of offspring contributed by her or him to the next generation. Sources of instability, namely environmental and genetic stresses, appear to diminish tness, since they often increase the degree to which random growth perturbations are magni ed, and may further result in disruption of the developmental check mechanisms. Genomes less sensitive to such disruption are said to canalize development; that is, to suppress phenotypic variation (Waddington, 1957) . Thus, individual s better resistant to such stress may show greater tness as well.
There are several reasons for the growing fascinatio n with FA. First, it measures minor geneticall y and environmentall y induced departures from a perfectly designed developmental programme, and thus is provides a gauge of the organism's developmental noise, and indirectly of its viability tness. Compared with other indices of development and tness, FA has two important advantages: It is easy to assess it, and it measures aberrations from a known morphological ideal, that is, perfect symmetry in most sensory and motor organs.
The study of FA also provides some insights for researchers of genetics and the environment, as well as those interested in the interaction between the two. Finally, and more speci cally for psychology, a number of recent studies have indicated that FA is correlated with various behavioural and psychological phenomena ranging from intelligence , depression, and mating behaviour. Hence, some believe, this research direction may shed light on the biological basis of human behaviour and foster integration among several research domains.
De nition and prevalence
All multicellular organisms exhibit a high degree of bilateral symmetry in many of their organs. Nevertheless, many organisms, or even parts of a single organism, may show deviations from perfect symmetry even in those bilateral organs. These deviations can be divided into three types of asymmetry, each characterize d by a different combination of mean and variance of the distribution of differences between the right-minus-lef t plane (R 2 L) of a bilaterally symmetrical trait (Graham, Freeman, & Emlen, 1994; Van Valen, 1962) .
The rst type, directional asymmetry, refers to a normally greater development of a trait on one side of the plane of symmetry than on the other side (e.g. the human heart and brain). The second type, antisymmetry, also refers to a normally greater development of a trait on one side of the plane of symmetry, but in contrast to the previous type it is unpredictabl e which side of an organism shows greater development. Thus, antisymmetry is characterized by a bimodal distribution of R 2 L differences , often with a mean of zero (e.g. the claws of the ddler crab) but not always (e.g. the right and left hands in humans).
The focus of this review is on the third type of asymmetry, called uctuating asymmetry (FA) . FA denotes randomly produced deviations from perfect symmetry of two sides of quantitative traits in an individual for which the population mean of R 2 L difference s is zero and their variability is near-normally distributed (Fig. 1 ). This type of asymmetry arises in the course of development, and is called ' uctuating' because its direction is not under genetic control. In fact, the subtle departure from symmetry in the individual ought not to be stimulated by genetic factors (Palmer & Strobeck, 1992) . In other words, although FA is partly heritable, relatives do not resemble one another in the direction of their asymmetries but only in their magnitude (Ludwig, 1932; Van Valen, 1962) .
The majority of studies concerning FA have dealt with non-human living organisms. In these FA is omnipresent in the development of bilaterally symmetrical traits, such as wing length in scorpion ies (e.g. Thornhill, 1992a) , n width in salmon (e.g. Wagner, 1996) , plumage pattern in starlings (e.g. , and length and width of horns in gemsboks (e.g. Møller, Cuervo, Soler, & Zamora-Munoz, 1996) . In recent years, however, a rapidly growing number of studies have investigated this feature in humans as well.
Fluctuating asymmetry as a marker for survival
In its most basic level, FA may serve as a marker for the viability of the organism. Indeed, it has long been realized that a positive relationship exists between symmetry in bilateral features and survival in various organisms (Beardmore, 1960 ; for a review see Møller, 1997) . Among domestic ies, for example, those with a low degree of FA in their wings Stippled frequency distributions represent total phenotypic variation (including developmental noise), whereas solid frequency distributions represent genetically induced variation. Based on Palmer and Strobeck (1992) , Palmer (1994). and tibia are less likely to be eaten by swallows and killed by pathogens than those with a high degree of FA (Møller, 1996) .
As for humans, until a few years ago researchers could not offer clear-cut testimony on the relations between FA and survival as they can with non-human animals. But ample indirect evidence exists for the relation between developmental stability and human survival in its broad sense (e.g. normality from the psychological viewpoint, proper growth from the medical viewpoint, and sexual attainment from the biosocial viewpoint). Yet a recent study provided the rst evidence that FA is a risk-factor in cancer (Scutt, Manning, Whitehouse, Lienster, & Massey, 1997) , while a recent population study in rural Belize found low FA to predict successfully fundamental features of survival, such as lower morbidity and more offspring produced (Waynforth, 1998) .
Measures and measurement
FA is basically used to measure either the effect of asymmetry per se on a certain trait or performance, or to assess the variation between populations or individuals . Typical performance studies seek to understand the effect of asymmetry itself, whereas typical variation studies usually examine the effect of genomic or environmental causes on a number of populations or a group of individuals , using independent variables such as time-span or location.
The FA found in 'normal' population, regardless of the species, is usually about 1%-2% of feature size, while exposure to stress may lead to a higher levels (about 3%-5%) of FA (Parsons, 1990) . Researchers have also observed in humans the presence of small morphological asymmetries in various bilateral traits located in the body and the face. Often, the right side exhibits more variations from the fairly symmetrical morphology found in normal people, and this is true even when antisymmetry (such as handedness ) is controlled (Garn, Mayor, & Shaw, 1976; Van Dusen, 1939) . In its non-pathologica l form, asymmetry in humans can be de ned as less than 2 SD below the mean or more than 2 SD above the mean of a speci c bilateral trait (Livshits & Kobyliansky, 1991) .
There are several ways to calculat e FA in a given trait. In a useful primer on the analysis of FA, Palmer (1994) presented 13 possible indices for calculatin g FA and examined their pros and cons (see also Palmer & Strobeck, 1986; Windig & Nylin, 2000) . It is clear that certain bilateral traits show FA while others do not, and some traits can be easily measured. While some prefer to measure human FA in tooth size (Fraser, 1994) , many prefer dermatoglyphics , namely the skin patterns found on the palms of the hands.
Dermatoglyphics are characterized by three convergence points of ridge patterns (the a, t, and d triradii) which form a V-shape (Pernose, 1954) . Researchers usually measure the absolute difference between the a-t-d angles of the right and left palms. Measuring dermatoglyphics in studies of FA is preferred because these patterns are quanti able and subject to minimal environmental alteration after birth. In some cases, developmental disturbances cause changes in frequencies of patterns that are so characteristic that they can be used diagnosticall y (Preus & Fraser, 1972) .
Studies which examined bodily FA have usually focused on easily measured traits such as ankle and foot breadth, elbow breadth, hand and wrist breadth, ear length and breadth, and nger lengths (Gangestad, Thornhill, & Yeo, 1994; Livshits & Smouse, 1993) . As for the face, Grammer and Thornhill (1994) developed a method to measure horizontal FA.
Their measurement is conducted on the computer screen using software which measures and saves the coordinates of 12 points on the face (see also Kowner, 1996a) .
Sources of developmental instability
The level of developmental stability in adult organisms is a trait which re ects the total environmental and genetic forces during their development. Bilateral symmetry is an important feature for the organism because the left and the right side of any bilateral organ develop under the control of the same genome. Thus, any deviation from perfect symmetry seems to represent a direct measure of the ability of the organism to control development.
At present we are aware of a large array of environmental and genetic sources of stress that affect FA in various organisms (for earlier reviews, see Leary & Allendorf, 1989; Møller & Pomiankowski, 1993; Palmer & Strobeck, 1986; Parsons, 1990) . The interplay between genes and environment is rather complex in regard to FA. In many cases, vulnerabilit y to environmental factors may re ect an existing developmental instability or even geneticall y determined poor resistance, whereas the process of genetic factors may be intensi ed by long-term environmental factors.
Although most of the studies concerning the sources of FA were conducted on nonhuman animals and even plants, humans are probably not much different from other organisms. Livshits and Kobylianski (1991) , who conducted analyses of family correlations between estimates of FA, demonstrated that both genetic and environmental factors play a role in determining FA in humans. Both additive and dominance genetic components, they concluded, may have an effect on phenotypic of FA, while environmental in uences comprise at least 40% of the total variance.
Environmental sources of stress which affect FA
Existence of parasites and pathogen. The majority of the studies on the effect of parasites were conducted on plants and animals. They have almost invariably provided strong evidence for the relationship between low developmental stability (as marked by high FA) and higher level of exposure to parasites (for review, see Møller & Swaddle, 1997) . As for humans, Bailit, Workman, Niswander, and Maclean (1970) found a positive correlation between higher level of parasitism and dental FA in four human populations. Indirect evidence has also been provided by a number of studies which found a higher level of parasitism in people suffering from diseases known to be associated with higher levels of FA (for a review, see Thornhill & Møller, 1997) .
Living conditions: Temperature, noise, density, pollution, and food supply. Most of the research on the effect of living conditions was conducted on non-human animals. Findings were unequivocal , indicating the susceptibilit y of FA in various traits to extreme living conditions, such as unusual temperature (Zakharov, 1989) , noise (Gest, Siegel, & Anistranski, 1986) , high living density (Møller, Sanotra, & Vestergaard, 1995) , high aerial emissions (Clarke & McKenzie, 1987; Kozlov, Wilsey, Koricheva, & Haukioja, 1996) and nutritional or energetic stress . Among humans, Harris and Nweeia (1980) revealed that severe living conditions were related to reduced FA in Ticuna Indians in Colombia, whereas Doyle and Johnston (1977) found a similar effect among Alaskan Eskimos and Pueblo Indians (but see Black, 1980; Flinn, Leone, & Quinlan, 1999 for contradictory evidence).
Maternal liability. The state of health of a mother appears to affect her newborn child's developmental stability. That is, a woman's higher level of FA, high blood pressure, or experience of an illness such as diabetes was found to predict an increase in the FA of their newborn children (Livshits et al., 1988 ; but see Smith, Garn, & Cole, 1982 for contradictory data). In addition, studies show that pregnant women who are obese, have infectious diseases, consume alcohol, smoke, or are even merely exposed to tobacco smoke, may increase the FA of their children, probably due to prenatal stress (Kieser, 1992; Kieser & Groeneveld, 1994; Kieser, Groeneveld, & Silva, 1997; Livshits et al., 1988) .
Genomic causes of stress which affect FA
Protein homozygosity. Homozygosity is supposed to lead to limited diversity and instability of ontogenesis. Heterozygosity, on the other hand, places multiple molecular forms of gene products at a single locus, and thus appears to increase the range of environmental conditions in which individual s may function adaptively, and consequently buffer them from developmental insults (Lerner, 1954) . Although there is no clear evidence for this link at the individual level, several studies based on population averages have found a weak positive relation between FA and protein homozygosity and a weak negative relation between FA and heterozygosity in various species (Britten, 1996; Mitton, 1995; Vollestad, Hindar, & Møller, 1999 ; but cf. Leamy, Routman, & Cheverud, 1998) . The main hypothesis regarding this link posits that homozygosity increases the organism's susceptibilit y to systematic and random sources of genetic and environmental perturbation during its development. Heterozygosity, by contrast, may enable the organism to develop properly despite genetic and environmental stresses (for arguments against this link, see Clarke, 1994) .
Inbreeding. A second hypothesis regarding the link between FA and protein homozygosity concerns inbreeding, since it exposes deleterious recessives and increases the level of homozygosity (Parsons, 1990; cf. Soulé & Cuzin-Roudy, 1982) . Studies which examined the effect of inbreeding on FA revealed a somewhat increased level of FA in various species (Alados, Escos & Emlen, 1995; Clarke, Brand, & Whitten, 1986 ), no effect in others (Fowler & Whitlock, 1994) , or an increased prevalence of FA mainly among the more highly inbred animals in later generations (Lacy & Horner, 1996) . The relation between inbreeding and increased FA was also found among members of four highly-inbred Bedouin tribes who had higher rates of dental FA than in two large populations of Caucasians and Negroids (Ben David, Hershkovitz, Rupin, & Moscona, 1989) .
Heritability. Most of the studies using FA to estimate the heritability of developmental stability from conventional parent-offspring or sibling analyses and from the results of selection have yielded very low and statistically non-signi cant results (Leamy, 1997) .
Nonetheless, Møller and Thornhill (1997a) , who conducted a meta-analysis of 34 studies in 17 species, calculated the overall mean effect size of heritabilities of individual FA as 0.19. Hence, they argued, there is a small but statistically signi cant additive genetic component to developmental stability. It is undecided , however, whether this is due to genetic variation in the machinery of development per se, genetic variation in resistance to disease, or other unknown aspects of viability (for further critique, see Markow & Clarke, 1997; Palmer & Strobeck, 1997) .
Applications and implications for psychology
In the next section the current contribution of developmental stability and its marker FA to several domains within psychology is examined, as well as the implications and insights they may offer for future research.
Developmental psychology: Physical development, stress and immunity
The main contribution of this research to the eld of human development is in indicating sources of genetic and environmental stress which affect the individual during development. In contrast to other morphological phenodeviance , which often occurs during a limited period of development, FA occurs throughout prenatal growth and continues to alter after birth and into adulthood.
Studies show that different levels of developmental stability start to affect human development in very early stages. Compared with normal newborn babies, greater FA has been found in aborted fetuses (Babler, 1978) and in pre-term newborn babies (Livshits et al., 1988) . Likewise, greater FA has been found in pre-pubertal children with delayed development (Naugler & Ludman, 1996) , spinal deformity (Goldberg, Dowling, Fogarty, & Moore, 1996) , or miscellaneou s multifactorial illnesses, such as cleft palate or hare lip (Sofaer, 1979; Woolf & Gianas, 1976 ).
FA appears to be a useful marker of development also because it shows constant transformation throughout the life-span, arguably with higher points of bodily and facial FA values emerging at a very young age , during puberty (Wilson & Manning, 1996; Wolanski, 1972) , and notably during old age .
The increased developmental instability in puberty is probably the result of increased overall body growth as well as the development of secondary sexual traits. The appearance or growth of these traits occurs under the in uence of androgens and oestrogens, which cause temporary reduction in the immunocompetence and ultimately less energy for maintaining developmental stability (Grossman, 1985) . However, the most visible decline in symmetry occurs in old age, a period of relatively rapid decline in physical strength and eventual breakdown of physiological systems. This decline is visible in various traits and has been reported in various cultures Kowner, 1996b; Møller, Soler, & Thornhill, 1995) .
Several studies have also predicted the existence of a sex difference in the magnitude of FA (Garn, Lewis, & Kerewsky, 1966; Nichol, Turner, & Dahlberg, 1984) . In measuring asymmetry in teeth, they argued that females ought to be more symmetrical than males because the paired X female chromosome confers greater dimensional control during odontogenesis, and that the maternal intra-uterine environment has less effect on female embryos. Other studies, however, have not supported this prediction (Keiser, Groeneveld, & Preston, 1986; Kowner, 1996b; Townsend & Garcia-Godoy, 1984) . When averaged over traits, there might be no sex differences , but when speci c traits are assessed, sex difference s are expected on the basis of mate choice and sexual selection. Alternatively, there may be no sex differences in the genetics of FA but sex difference s in phenotypic FA might emerge for sexually selected traits (for a possible mechanism, see Folstad & Karter, 1992) .
As a measure of the general buffering capacity of an individual 's ontogenetic development , a high degree of developmental instability in humans is linked to developmental abnormality. The genetic component of various multifactorial congenital anomalies results in malformations and also reduces resistance to adverse environmental in uences. Indeed, numerous studies have revealed high level of FA in various traits in individuals suffering from developmental anomalies, congenital conditions, illness, or even mental retardedness also exhibit greater FA in various traits (for a review, see Thornhill & Møller, 1997) .
Developmental instabilit y also appears to be related in several ways to handedness , a trait whose de nition, measurement, and particularly origins are still controversial (for a review, see Corballis, 1997) . Whereas Annett (1985) and McManus (1985) proposed single-gene models to account for the source of individual difference s for handedness, suggested these difference s stem from developmental instability at a critical period in fetal development. They proposed that polygenic homozygosity results in deviation from the species-typica l pattern of moderate righthandednes s to either left-handedness , which is associated with reduced tness, or extreme right-handedness. further contended that the inheritance of handedness could be due to heritability of developmental instability. Earlier they had argued that single-gene theories do not account for sources of developmental instability and do not provide a plausible account of the evolutionary basis of variation in handedness . It is important to note, nonetheless, that McManus (1985) , Annett (1995 Annett ( , 1996 and seem to agree now that FA is an important source of variability for handedness. Similarly, both argue that these random asymmetries are congenital although they might include the effects of polygenic homozygosity. Critically, the role of developmental instability in handedness has yet to be clari ed. Understanding its mechanisms may shed light on the origins of various neurodevelopmenta l variation.
Overall, FA may serve as a marker for various developmental phenomena. The nding that FA increases with adult ageing, for example, is potentially important and it would be useful to study the change of FA in normal ageing compared with pathological ageing (cf. Salthouse, 1996) . Nevertheless, some caution seems necessary in the interpretation of FA, especially in normally developing children, since FA might mean different things at different ages, and except for extreme cases (e.g. schizophrenia) it may not be of predictive signi cance. As for its role in development in general, FA appears to be a promising measure of genetic and environmental stress which affects development. As an index of developmental stress experienced by the individual , FA may serve as a useful independen t variable in developmental studies over a wide range of aspects.
Clinical psychology: Mental illness and well-being
There is growing evidence of the importance of FA as a marker of mental health, either as an indicator of general well-being or as a predictor of severe mental disorders. The most investigated link between FA and any mental pathology concerns psychotisicm, and particularly schizophrenia. Markow and Wandler (1986) revealed that schizophreni c patients have greater dermatoglyphic FA than controls and that the severity of the symptoms correlates with the magnitude of the FA (see also Mellor, 1992) . The research on FA may shed some light on the etiology of schizophrenia . Markow (1992) proposed that schizophreni a re ects an abnormal balance of symmetry and asymmetry in the brain as a result of reduced developmental buffering associated with homozygosity. The increased homozygosity may also lead to increased developmental instability in the central nervous system, which results, in turn, in deviant behaviour (Markow & Gottesman, 1989 ; see also Yeo, Gangestad, Edgar, & Thoma, 1999) .
A related phenomenon which may elucidate the role of FA is the development of minor physical anomalies (MPAs). Found in less than 4% of the general population, these structural features of no functional signi cance (e.g. wide-spaced eyes, low or malformed ears) have been used widely to infer the degree of embryonic developmental instabilit y of the individual (Hoyme, 1993) . MPAs are usually attributed to injury or atypical ectodermal differentiatio n during the rst or second trimester of fetal life (Murphy & Owen, 1996; Waldrop & Halverson, 1971 ), but some may stem from slowed development of speci c traits in time-locked development . There is a signi cant body of evidence regarding the increased prevalence of MPAs in schizophreni a (Gualtieri, Adams, Shen, & Loiselle, 1982; O'Callaghan, Larkin, & Kinsella, 1991) , particularly familial schizophreni a (Waddington, O'Callaghan, & Larkin, 1990) , and in autism (Campbell, Geller, Small, Petty, & Perris, 1978) . Interestingly, schizophreni a and autism are also characterize d by higher levels of FA (as well as non-right-handednes s (Shimizu, Endo, Yamaguchi, Torii, & Isaka, 1985) ).
The close links between FA and MPAs are unlikely to be fortuitous. In fact, there is a direct indicatio n for the relationship between FA and MPAs. Green, Bracha, Satz, and Christenson (1994) , for example, showed that MPAs in schizophreni a are associated with increased dermatoglyphic FA. Although prominent FA may be considered as one class of MPAs, a certain level of FA always present and thus it may serve as a marker of phenodeviancy in cases where MPAs are not found. Still, these two phenomena do not necessarily compete. The current state of research suggests that clinician s and dysmorphologists may use both an index of FA and the presence or absence of MPAs as markers or clues for the presence of mental deviation as well as for the level of developmental instabilit y in general (for such studies, see Yeo, Gangestad, & Daniels, 1993; Yeo, Gangestad, Thoma, Shaw, & Repa, 1997) .
The research direction that correlates bodily FA and cerebral FA may have promising prospects for the future. A recent study of normal subjects using magnetic resonance imaging (MRI) indicated that bodily asymmetry is correlated with deviation from the mean directional asymmetry of cerebral hemisphere size asymmetry, planum temporal asymmetry, and grey matter asymmetry (Thoma, 1996) . Yeo, Gangestad, and Daniels (1993) , who examined the relationship between atypical handedness and developmental instabilit y (as measured by FA and MPAs) in a student population, found that extreme left-or right-handers exhibit a greater level of instability than do individual s with an ordinary level of hand preference. concluded that the greater frequency of anomalies exhibited by the former group is an indicatio n of developmental perturbations that affect deviant cerebral lateralization , cognitive lateralization , and consequently abnormal handednes s (see also Yeo et al., 1997) .
Developmental stability may also serve as a predictor of general well-being in normal people. Recent studies found a relation between adults' FA and various indices of their mental well-being (Shackelford & Larsen, 1997) and, among males, FA appears also to be related to depression (Martin, Manning, & Dowrick, 1999) . While preliminar y and somewhat tentative, this evidence for a possible relationship between developmental stability and mental state in normal people may have wide application s to clinical research. Future studies should explore the feasibility of using FA as a precursor of individuals ' mental health, as well as an independen t variable in studies of difference s between groups.
Personality and social psychology: Behaviour, emotional state and intelligence
Future studies on the role of developmental stability in humans may also open a new window to the interpretation of personality, ranging from behaviour and emotions to cognitive skills. Although only a few studies have examined the role of developmental stability in these domains in human beings, the strong impact which developmental instability exerts on general development suggests it may also play a role in human behaviour, communication and emotional state. Despite its limited comparative value, extensive evidence from studies of these aspects in non-human animals attests to the importance of developmental stability in affecting and moderating a wide range of behaviours. In wild type Drosophila, for instance, males suffering the sporadic occurrence of abnormal morphological deviance measured by FA show aberrations in courtship behaviour (Markow, 1987) . As for humans, an early study of Waldrop and Halverson (1971) revealed in a greater frequency of MPAs children exhibiting a range of behavioural abnormalities, another manifestation of developmental instability (see also Yeo, Gangestad, & Daniels, 1993) .
One of the possible mechanisms which links behaviour and stress was sketched out by Alados, Escos, and Emlen (1996) , who examined changes in behavioural patterns of Spanish Ibex with parasitic infection or during pregnancy. Alados et al. (1996) contended that biological structures and behaviour patterns have evolved to allow the organism to explore its environment and enhance its tolerance towards changes. Natural selection ought to increase complexity in behaviour to maximum levels consistent with energetic constraints. Stress, however, increases metabolic rate, which entails energy consumption and consequently a reduction in behavioural complexity. Hence, as a measure of stress, increased FA is hypothesized to predict altered behaviour and increased emotional state.
Developmental stability is clearly related to dominance, a behavioural aspect of tness which is associated with access to resource and, ultimately, with survival and reproduction. Studies show that dominant male individual s among various species such as European starling (Swaddle & Witter, 1995; and fallow deer (Malyon & Healy, 1994 ) exhibit lower levels of FA than subdominants. Likewise, FA appears to be associated with dominance also in humans. Recent studies suggests that symmetrical men, but not women, are more socially dominant , aggressive (Manning & Wood, 1998) , and violent (Furlow, Gangestad, & ArmijoPrewitt, 1998 ) than their high-FA counterparts.
Facial FA may also be related to one's emotional state. In a preliminar y study, Shackleford and Larsen (1997) investigated this association and suggested that facial FA may signal not only physiological stress but also psychological and emotional distress. Using multiple evaluations, they found facially asymmetrical men to be more depressed, more emotionally labile, and more impulsive than relatively symmetrical men. Asymmetrical women experienced more muscle soreness and were also more impulsive than more symmetrical women. Another interesting, though indirect, piece of evidence for the relationship between developmental stability and emotions is Manning et al.'s (1998) nding that women, but not men, with low FA in their inner ear tend to cradle infants on the left side of their body. Arguably, this side facilitates the ow of information from the infant to the mother's emotion-processing right hemisphere.
Even more intriguing is a recent study which suggests that developmental stability has some association with intelligence . Furlow, Armijo-Prewitt, Gangestad, and found a low but signi cant negative correlation between bodily FA and score in the Cattell Culture-Fair Intelligenc e Test for two samples of university students of both sexes. This study offers an addition to deterministic interpretations regarding the heritability of intelligence (cf. Blinkhorn, 1997) . That is, if vulnerabilitie s to sources of developmental stress are heritable, as Furlow et al. (1997) argue, neurodevelopmenta l integrity should be compromised in some individual s more than in others, even when facing the same stress. Thus, evidence for genetic contributions to individual difference in IQ does not necessarily imply genes for different levels of intelligenc e per se. Furlow et al. (1997) hypothesize two physiological explanations for their ndings. First, bodily FA as an indicator of early developmental stability may correlate negatively with early development of brain and central nervous system. Second, the greater energy budget allocations (or low metabolic ef ciency) in individual s with high FA may lower their IQ scores. The problem with these hypotheses, however, is that evidence for the heritability of IQ is substantial and considerably stronger (for a review, see Plomin & Petrill, 1997) . Furthermore, the fact that intelligenc e is used, among other factors, as a mate choice criterion by men and women in many cultures around the world suggests direct selection for intelligenc e (Buss, 1989) .
Thus, although the ideas about intelligence , and similarly about other personality attributes, are no more than tentative hypotheses for the time being, this direction seems to afford much room for promising research. All in all, the few preliminar y studies above suggest that developmental stability is linked with various dimensions of personality and individual performance which are yet to be explored.
Evolutionary psychology: Choice of mates and sexuality
The psychological study of human mating patterns and sexual behaviour has gained much ground in recent years (Buss & Schmitt, 1993; Gangestad & Simpson, 1990; Sprecher, Sullivan, & Hat eld, 1994) . The new psychological perspective on human sexuality is based on a synthesis between two interdisciplinar y domains: evolutionary psychology and social cognition (for a review, see Kenrick, 1994 ). The former domain, which is the scope of this section, assumes that human mating behaviour has biological roots which are found in all the evolved psychological adaptations underlying behaviour in general, such as tness (as its ultimate cause) and parental investment (as its main proximate cause). For this reason we may nd it is a fairly consistent pattern across cultures.
Evolutionary psychologists, among others, refer to the reproductive success of an individual, compared with that of all other individual s in the population, as relative tness. This reproductive success depends principally on access to mates, which is determined by sexual selection. This important mechanism of evolutionary change occurs because individual s of a species choose to mate with certain other individual s due to some traits. Sexual selection has two main forms, namely intrasexual selection (i.e. competition between males) and intersexual selection (i.e. female choice).
FA is probably linked to sexual selection through the development of secondary sexual traits, a process which is mediated by enzyme heterozygosity and its effect on general developmental stability (Mitton, 1995) . It has been argued that epigamic structures and weapons of an organism should show higher levels of FA than the level found in nonsexual traits, because sexual selection is essentially directional. Furthermore, since FA is moderately heritable, re ects general tness, and occurs in numerous features which affect reproductive success, it seems reasonable to assume that sexual selection would favour low levels of FA, and that individual s would be able to assess the level of FA of their potential mates.
To examine these assumptions, many studies investigated the relationship between the degree of FA of individual s and their success in acquiring mates. This relationship was primarily examined in regard to female choice. Few researchers doubt that such choice of males occurs in nature for access to resources or parental care. But is there female choice of males who exhibit a lower level of FA? A number of studies with insects (McLachlan & Cant, 1995; Simmons, 1995) , birds (Møller, 1990 (Møller, , 1992 Møller & Pomiankowski, 1993) and mammals showed that female individual s prefer males who show lower FA in natural conditions. This preference may seem sometimes to border on fastidiousness: forewings that differ in length by just a fraction of a millimetre may keep a male scorpion-y from nding a mate (Thornhill, 1992a, b) .
Recent studies indicate a relationship between FA in bilateral morphological traits and mating success in humans as well. Thornhill and Gangestad (1994) found a negative relation between FA index based on seven bodily traits and the number of sexual mates for both sexes. In men, but not women, FA level seems to be a reasonable predictor of various indices of sexual functionalit y, such as age at rst sexual intercourse , sperm number and quality (Manning, Scutt, & Lewis-Jones, 1998) , and the frequency of copulatory orgasm reported by their female sexual partner (Thornhill, Gangestad, & Comer, 1995) . Recent ndings, and at least as fascinating , suggest that FA may even predict men's sociosexual orientation during courting, with more direct competition tactics associated with lower FA (Simpson, Gangestad, Christensen, & Leck, 1999) .
Although there are several potential explanations for this choice, the majority of researchers seem to prefer the 'good genes' model of sexual selection, which posits that females choose males with the least FA because they re ect a heritable quality that affects offspring viability (for a review on models of sexual selection, see . Inherent in this model is a close association between tness and its indicator (FA) and the idea that both are heritable (for criticism of the proponents of this model, see Markow & Clarke, 1997) .
It is still unclear how people assess the extent of non-pathological FA or even recognize its existence. Researchers, at least, assess it using extremely subtle, and certainly invisible, difference s in the pattern of dermatoglyphics , teeth size or even foot breadth. A possible clue to this puzzle may be found in secondary sexual traits. These characters, which are often costly to produce and can be considered as survival handicaps (Zahavi, 1975) , also exhibit higher FA than non-sexual traits (for a review, see Møller & Swaddle, 1997) .
The strongest testimony for the vulnerabilit y of secondary sexual traits in humans was found in female breasts, a feature that was partly exposed in prehistoric societies (and in many other societies until the contact with Western puritanism) and therefore could allow unconstrained assessment of the developmental stability of a prospective female . Studies demonstrated that the asymmetry of breast size uctuates during the menstrual cycle and reaches its lower point during ovulation (Manning, Scutt, Whitehouse, Leinster, & Walton, 1996; . Thus, the breasts not only 'honestly' signal a women's relative phenotypic quality but also may indicate her reproductive availabilit y.
Another intriguing way by which humans assess non-pathological FA may be found in their noses. Recent studies suggest the women near the peak fertility of their cycle, but not women at low fertility point or women using a contraceptive pill, tend to prefer the scent of the shirt worn by men of relatively low FA or attractive faces (Gangestad & Thornhill, 1998; Rikowski & Grammar, 1999; .
Obviously, the organism has good reasons to show preference for mates who exhibit low FA, and consequently better developmental stability (for a review, see Møller & Thornhill, 1998) . First, good developmental stability suggests greater resistance to environmental stresses, such as pathogens and parasites, which is an important consideration in sexual selection. Moreover, if all environmental factors are held equal, one's level of developmental stability may honestly re ect one's genotypic quality due to the role genetic factors play in determining this stability. Finally, one's developmental stability also suggests indirectly greater ability to care for offspring, an attribute which is related to their survival prospects.
While recent studies appear to provide a breakthrough, we are still in doubt as to the mechanisms of sexual selection that make the organism prefer mates who display a greater degree of developmental stability. Most studies mentioned have revealed the level of FA ad hoc, whereas only a few studies have demonstrated the ability of the organism to recognize FA per se and outside the laboratory. It is evident that in cases of extremely high FA it serves as a detrimental cue per se in sexual selection. Yet, in the case of nonpathological FA, we are still in need of more evidence as to whether FA serves as a cue for mate selection, or if it is merely related to other, more crucial cues for sexual selection.
One of the main problems with the association between FA and sexual selection is that FA of a single trait, the topic of numerous studies, is a relatively weak cue of underlying individual difference s in developmental instabilities . Thus, it is unlikely that sexual selection would depend primarily on symmetry as a cue, unless multiple asymmetries were used. Critically, it should be noted that FA is not the only and not even the main factor involved in mate choice. This is relevant to non-human animals (Saino, Primmer, Ellegren, & Møller, 1997) and humans as well. Although a systematic study on the relative importance of FA in mate choice among humans has not been carried out yet, we may assume it has only little importance among the majority of the population, namely those who exhibit relatively low FA.
Social cognition and perception: The question of facial beauty
Research on human physical attractiveness in general, and facial beauty in particular, has until recently been the realm of philosopher s and artists. Beauty is traditionally viewed as a subjective quality, de ned by the eye of the beholder (for an early review, see Berscheid & Walster, 1974) . But in the last decade or so an increasing number of studies have analysed the effect of various anatomic aspects of the human face on beauty judgment (Cunningham , 1986; Cunningham , Barbee, & Pike, 1990; Grammer & Thornhill, 1994; Langlois & Roggman, 1990; Perrett, May, & Yoshikawa, 1994) . They found that certain measurable features of the face (such as neonatalit y, maturity, expression, and even averageness) are partly associated with evaluation of its attractiveness, and that individuals from different cultures, age groups or sex tend to agree on this evaluation (Cunningham , Roberts, Barbee, Druen, & Wu, 1995; Langlois, Ritter, Roggman, & Vaughn, 1991) . These studies encourage the notion that beauty, especially facial beauty, is not an inexplicabl e quality which lies only in the eye of the beholder.
The question of the role of FA in person perception in general and mate choice in particular comes to the fore when we examine the relation between facial asymmetry and attractiveness in humans. The face is the most prominent feature in human social interactions as well as in sexual selection, and therefore it seems reasonable to expect that people would be able to use it as a means for discerning the existence of abnormalities through facial asymmetries. While people may have dif culties in assessing nonpathological asymmetries in the face (Bruyer & Craps, 1985) , they are readily willing to judge others' facial attractiveness and they even show high agreement on this judgment (Kowner & Ogawa, 1995) .
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Figure 2. Asymmetrical portrait vs. its symmetrical composite. The pictures are of an 83-year-old man (the original asymmetrical photo is on the right). The symmetrical composite was rated as more attractive and younger than the original photo by the majority of the subjects. From Kowner (1996b) .
Supporters of the evolutionary approach assert that the judgment of facial attractiveness ought to re ect genotypic quality of a person, the same way it does with lower animals. Preliminary support for this argument came from Langlois and Roggman (1990) , who digitized individual faces and used them to create composite faces. They demonstrated that the more faces averaged into a composite (and thus became more symmetrical), the more attractive was the composite image. More direct evidence for the role of FA in judgment of facial attractiveness comes from the study of Grammer and Thornhill (1994) , who found that even when facial averageness was controlled, the ratings of normal photos of both sexes were negatively correlated with facial FA. These ndings were replicated by Rhodes, Prof tt, Grady, and Sumich (1998) who demonstrated by using a different 'morphing' technique that the attractiveness of individual faces can be enhanced by increasing their level of symmetry (see also Rhodes, Sumich, & Byatt, 1999) .
Although these studies provided sound evidence and relied on a solid theoretical foundation, several recent studies have not detected a preference for symmetrical over assymmetrical faces (Farkas, 1994; Langlois, Roggman, & Musselman, 1994) . Furthermore, for expressive (smiling) faces, Kowner (1996b) found asymmetrical faces to be rated as more attractive than symmetrical ones (Fig. 2) . The main critique against these studies is that their results re ect the use of perfectly symmetrical chimeras that are not consistently within the normal range of facial width. Nevertheless, Swaddle and Cuthill (1995) , who employed the morphing technique and thus could avoid using perfectly symmetrical chimeras, found a preference for slightly asymmetrical faces, and even for resting faces (see also Shackelford & Larsen, 1997) .
Hence, it is still unknown to what extent facial FA determines facial attractiveness, and the controversy may be resolved once it possible to create composites with fewer confounding factors (for feasible new methods see Perrett et al., 1999; Scheib, Gangestad, & Thornhill, 1999) . I believe that future studies may eventually establish that humans have a slight preference for faces with relatively lower FA in slow and static signs (see meta-analysis conducted by Møller & Thornhill, 1998) . Nevertheless, people in reality do not judge facial beauty based only on static features. In fact, since prehistoric times humans have increasingl y stressed the role of communication through facial expressions which are often asymmetric (Kowner, 1995) . Consequently, they may have become less aware of mild asymmetries in the skull and other facial features which are masked by rapid skin movements, and therefore less tuned to make attributions based on mild facial asymmetries (Kowner, 1997) .
Present problems and future prospects
Critique and reasons for concern The notable recent popularity of studies on developmental stability and FA notwithstanding, criticism of their conclusions and empirical generativity is mounting. Critics have expressed some concern and skepticism regarding part of the ndings, especially their implications for human behaviour (see Palmer, 1994 Palmer, , 1996 Palmer & Strobeck, 1992; Swaddle, Witter, & Cuthill, 1994) . Others have criticized the analytical methods used (Swaddle, 1997; Palmer, 1999) , as well as the possible confounding of environmental forces with genetic effects (Whitlock & Fowler, 1997) . Finally, a few researchers have expressed their apprehensio n that proponents of FA are either 'too quick to accept uncritically the answer they expect and too willing to build a conceptual edi ce on a foundation of sand' (Palmer & Strobeck, 1997: 48) , or that part of the research on FA, especially on the link between FA and tness, is 'tenuous, speculativ e and character speci c' (Markow & Clarke, 1997: 34-35 ; for reply, see Møller & Thornhill, 1997b) .
Most researchers in the eld do agree with some of the concerns expressed over the methodology used and the interpretatio n of results. First, data on the weak relationship between FA in two separate traits suggest that the prevailing research on one trait may have limited implications for the individual 's wide property of developmental stability. Second, not all asymmetry variation is the result of developmental instability, since ideal FA in a population is normally distributed around zero (or even distributed leptokurtotically ; see . Third, some of the strong effects of the FA of a single trait on various behavioural measures (mental health, mating success) must be the result of asymmetry itself leading to negative outcome, rather than its relating to negative outcomes, since it is an indirect measure of general maladaptation .
Fourth, despite evidence for the heritabilit y of FA in either genetic or phenotypic quality of individuals , the heritabilit y estimates of true FA (as compared with antisymmetry and directional symmetry) are rather low and may differ from one trait to another. This point may ease the acceptance of FA as a marker for developmental stability among those who share antipathy for the notion of genetic in uence on behaviour. In fact, the same data that point to signi cant genetic in uence also provide the best available data for the role of environmental factors.
Future prospects
In spite of the many aws and imperfections that seems to prevail in the eld, the current state of research suggests that developmental instability is related to a plethora of psychological phenomena. Furthermore, developmental instability may serve as a key for future theories attempting to link a wide range of psychological themes, such as mental and physical maldevelopment , behavioural variance, as well as issues concerning the interplay between environment and heredity.
The interest in FA as the main maker of developmental instability and the consequent surge of research on this topic have caused much expectation as well as mild disappointment. Researchers now possess much more data than they had a decade ago, so we may reasonably assess the potential of this measure.
Developmental instability, as re ected in FA, shows an overall negative correlation with the overall tness of the organism as well as various indices of health and performance in humans. Although this relationship is promising, there is still some hesitation as to the widespread applicabilit y of FA as a major substitute for conventional tness measures (cf. Clarke, 1996) . Within humans, FA in several traits shows a relationship with various disorders of both developmental and genetic etiology. However, its role as a general risk marker for pathology needs to be further clari ed. This may become possible with the eliminatio n of several methodological problems (e.g. neglect of measurement errors, lack of standardizatio n of FA measurements, no reports of odds ratios of various morphological traits for each pathology, measurement of many traits rather than one or a few) as well as further evidence of the occurrence of FA and its relation to effects of other types of symmetries in both sexes.
With the growth of research we may expect in the coming years to know more about the advantages and limitations of FA in general and for psychological research in particular. In more practical terms, FA can perhaps serve as a gauge of genomic (e.g. heritability, inbreeding ) and environmental (e.g. nutrition, exposure to pollution, living density) stresses in human populations, and even bridge conceptuall y these two clusters of factors. A case in point is Furlow et al.'s (1997) study of the association between FA and intelligence . This study is perhaps the rst to offer a potential reconciliatio n between environmentalis t and hereditarian approaches. It argues that both environmental stresses (due to malnutrition, exposure to pollution, and inadequate prenatal and neonatal medical care) and divergent genetic vulnerabilit y to these stresses affect individual difference s to intelligence .
Finally, the concept of FA offers additional applied outlook for future research since its assessment may become an important monitoring tool and even an early-warning method for detecting individual s and populations under stress (for seminal research on nonhuman populations; see Sarre, Dearn, & Georges, 1994; Wagner, 1996) . Ideally, measurements of FA may enable researchers to isolate and reduce these stresses, and thus may limit developmental problems and improve developmental resistance.
